China is facing a number of challenges, such as environmental pollution, energy security, and slowing down of economic growth. China's total energy consumption has been leading the worldwide consumption for several years. China's annual primary energy consumption accounts for more than 90% of total energy consumption, and the country's utilization of wind energy, solar energy, biomass energy, and other new form of energy remains very low. This research has adopted a strength, weakness, opportunity, and threat (SWOT) analysis approach to examine the internal and external factors that affect the competitiveness of the energy industry in China. An extensive and critical review of a wide range of literature was conducted, including academic papers, industry reports, statistical data, relevant regulations, and policy documents. Eighteen factors were identified from the literature review. These factors form part of an integrated framework that provides a useful tool for policy makers and the industry to gain a better understanding of the factors that affect the sustainable development of the Chinese energy industry. The results also provide a useful reference for foreign firms that intend to explore the Chinese energy industry market.
reconstructed. The evaluation index is divided into 18 dimensions, which cover the macro level of population, gross domestic product (GDP), urbanization, international economic environment, energy supply and consumption, and the performance of various energy sectors.
A number of internal and external factors affect the sustainable development of the energy industry in China. This situation calls for a comprehensive analysis of the industry to highlight these factors and to provide useful inputs to government authorities and private developers.
Research Methodology
A strength, weakness, opportunity, and threat (SWOT) approach was employed to identify the factors that affect the competitiveness of the energy industry in China (Hui et al., 2017; Jaber et al., 2015) . SWOT analysis has been widely adopted in strategic management studies to highlight internal and external factors in the sustainable development of an industry or organization (Hui et al., 2017; Jaber et al., 2015) . The use of SWOT analysis will facilitate the development of strategies aimed at improving and sustaining the competitiveness of energy enterprises. The research procedure and methodology used in this paper is shown in Fig. 1 . The initial question sheet used to establish a framework for the SWOT analysis covered the following questions (Hui et al., 2017; Jaber et al., 2015; : (1) What are the strengths and weaknesses associated with the energy industry in China? (2) What are the development and future of all kinds of energy sources, including renewable energy and conventional fossil fuels? (3) What are the barriers to the development of the energy industry in China? (4) Are there any critical issues associated with the current energy industry development in China?
(5) Are there external factors, either positive or negative, that affect the sustainable development of the Chinese energy industry? (6) What is the future of the Chinese energy industry?
A multifaceted qualitative research approach was adopted to study the Chinese energy industry. This approach reviews and retrieves evidence and information from various resources, such as official statistics, academic literature, policies, and regulations [2] .
The internal and external factors were identified by conducting a critical analysis of the Chinese energy industry, which is shown in Fig. 2 . Each factor was analyzed and discussed in the following sections (Hossain et al., 2015; . 
Analysis of Strength Factors

Generating Csapacity
According to BP's Statistical Review of World Energy 2015, China is the world's largest producer of electricity contributing 24% of global production, followed by the United States, India and Japan (Table 1) (Petroleum, 2015) (Note 1). 
Nuclear Energy Power Generation
According to the report of World Nuclear Association (WNA) (Note 2), nuclear power generation accounted for 11.5% of the total power generation in 2014, but China accounted for only 2.4%. In June 2015, the running reactors of nuclear power around the world were 437, wherein China accounted for 26 seats; this number was inferior to France, the United States, Japan, and Russia; however, as shown in Table 2 , the number of nuclear power generation reactors being constructed in China is higher than that in any other country across the world . 11.5 437 380250 66 68997 168 189504 322 364270 66883 Note. **The world total includes 6 reactors in Taiwan, China. The production capacity is 4927 MW, in 2014 the production was 40.8TWh (estimated to account for 18.9% of Taiwan electric power production). Taiwan has two reactors under construction, the production capacity is 2700 MW. Estimated 972 tons of uranium demand in 2015.
Renewable Energy
According to the United Nations Economic Commission for Europe (UNECE), the Renewable Energy Policy Network for the 21st Century, and the 2015 report of REN21, a 21st century renewable energy policy network, global renewable energy accounted for 22.8% of the total power by the end of 2014; hydropower was highest at 16.6%, followed by wind power, which accounted for 3.1% (Note 3). Fig. 3 shows the ratio of global renewable energy to electricity production.
According to Wikipedia, China's renewable energy generation ranked first in the world in June 2015, but the power structure is not high; Chinese renewable energy accounted for about 20% (Zhao et al., 2015) (Note 4). Table 3 and Fig. 4 show the renewable energy generation of major countries and regional organizations across the world (Petroleum, 2015) . Figure 3 . Global renewable energy accounted for the ratio of electricity production Vol. 12, No. 2; 2018 6 According to REN21 2015 report, the global hydropower production capacity in 2014 reached 1055 GW, of which China was the largest contributor at 27%, as shown in Fig. 5 (Note 3).
According to BP's Statistical Review of World Energy 2015, although China's hydropower ranks first in the world, hydropower is only 8.1% of China's energy consumption; several countries rank higher than China, as shown in Table 4 (Petroleum, 2015; . Given that 106 m2 solar water heater amounts to 0.7 GWth, 1 GWth amounts to 1.43×106 m2 solar water heater. Thus, the area installed by China's solar water heater is given as (Qiu et al., 2015) :
284.2×1.43×106 m2 = 403.6×106 m2 ≈ 4 million m2.
Solar power generation
According to BP's Statistical Review of World Energy 2015, China's use of solar power ranks second place worldwide, which accounts for 15.7% of the world's total, second only to Germany, as shown in Table 5 ( Petroleum, 2015; Lee et al., 2014 ) (Note 1). Photovoltaic power generation capacity.
According to BP Statistical Review of World Energy 2015, China's installed PV capacity ranks second in the world, which accounts for 15.6% of the world's total, second only to Germany, as shown in Table 6 (Petroleum, 2015; Hosenuzzaman et al., 2015) . Table 7 (Petroleum, 2015; . Wind power installed capacity According to World Wind Energy Association (WWEA), the total global capacity for installed wind power reached 392927 MW in June 2015 (Note 5) (Note 6). The newly installed capacity reached 21678 MW, which is equivalent to an increase of 5.8% from 17600 MW in 2014 and 13900 MW in 2013. As of the first half of 2015, wind power met 4% of the world's electricity demand. Global capacity for installed wind power is shown in Fig.  7 . However, in recent years, the situation of wind power abandonment in China is very serious, and the wind power construction in Liaoning, Jilin, Heilongjiang, Ningxia, Gansu, Yunnan and Guizhou has been completely stagnant. In some areas of China, the trend of wind power curtailment is rising and getting worse. In 2016, the total wind power curtailment in China reached 49 billion and 700 million kWh, 4 times as much as in 2014.Wind power curtailment in major provinces of China from 2012 to 2013 can be seen from Fig.8 . According to BP Statistical Review of World Energy 2015, the capacity for installed wind farm in China ranks first in the world, which accounts for 30.7% of the total (Petroleum, 2015) . Installed wind power capacity of major countries across the world is shown in Table 8 . The Offshore area has been divided into different classes depending on the distance from the coastline, specifically area less than 10 km from the coast, areas 10-30 km away, areas 30-60 km away and areas more than 60 km away. Owing to the long and winding coastal line, China has rich offshore wind energy resources, in particular on the south-east coast and nearby islands including Shanghai, Tianjin and the provinces of Shandong, 2009,13:1966-1974 . In fact, the majority of Chinese offshore projects are installed in the shallow waters close to the shore, called inter-tidal projects, where the sites dry out (or nearly so) at low tide. Most of the projects in deeper waters, such as those granted under the first round of tenders, are either still in development or have just started construction due to the high construction cost in comparison to onshore project. Figure 5 and Figure 6 presents the scenario of Jiangsu Rudong Longyuan inter-tidal project at high tide and low tide respectively. Moreover, the latest wind energy mapping of coastal zones released by CMA shows that the highest wind speed was mainly found in the South Sea, especially for the coastline along Fujian Province and the Taiwan Strait. Figure 7 shows their recent result of China's offshore wind speed, 70 m within 100 km at the water depth of 5m,25m and 50m respectively. According to the China Wind Energy Association (CWEA) data statistics, in 2016, China's offshore wind power installed 154 new units, the new capacity of 590MW, the total installed capacity reached 1.63GW, an increase of 64%. In all the lifting of the offshore wind turbine, the unit capacity for 4MW was the largest, the cumulative installed capacity reached 740MW, accounting for 45.5% of the total installed capacity, followed by a single 3MW accounted for 14% of total installed capacity . In August 2017, the largest wind turbine 5MW offshore wind turbine (China Sea Loading H171-5MW) was successfully hoisted in Rudong, Jiangsu, as shown in Figure 3 , which indicates that the capacity of offshore wind power in China has entered a new stage of development. In the past decade, the global offshore wind power is developing rapidly. In 2016 the global offshore wind power added 2.19GW new installed capacity, the total installed capacity accumulated 14.38 GW, and China's offshore wind power behind Britain and Germany, ranked third in the world. In order to realize the global offshore wind power installed capacity of 40GW and China's "13th Five-Year" plan of offshore wind power installed capacity of more than 5000MW in 2020 , China's offshore wind turbine operation and maintenance has become has become a very urgent and urgent problem for offshore wind power industry development.
Bio-fuel
According to BP Statistical Review of World Energy 2015, the bio-fuel development of China is slow, which ranks seventh worldwide. By contrast, countries such as Argentina and Indonesia have rapid bio-fuel development, as shown in Table 9 (Petroleum, 2015) (Note 1). 
Energy Bases in China
On January 1, 2013, China issued the 12th Five-Year Energy Development Plan, which proposed the establishment of five comprehensive energy bases in Xinjiang Province, Eastern Inner Mongolia, Ordos Basin, Shanxi Province, and Southwest China. This plan is illustrated in Fig. 9 . Comprehensive energy includes thermal power and renewable and sustainable energy (Note 6) (Fan et al., 2015) . Hami District in Xinjiang Province has plenty of coal resources that are of good quality. These coal resources are buried in shallow areas with centralized distribution. As one of the tens of millions kilowatt wind power bases, it can develop large-scale thermal power and renewable energy power units, such as wind power units. Energy is widely distributed in China, but this distribution is unbalanced. Coal resources are distributed in north and northwest areas, whereas hydropower resources are found in the southwest zone. Oil and natural gas are concentrated in the eastern, middle, western, and coastal regions. Main energy consumption occurs in the southeast coastal area, where the mas.ccsenet.org
Modern Applied Science Vol. 12, No. 2; 2018 10 economy is quite developed. These distribution patterns show that energy consumption and energy storage are unbalanced (Zeng et al., 2014; Zhang & Qiping, 2013) . In China, large-scale and long-distance coal, oil, gas, and electric power transported from resource-rich areas to high-demand areas will last for a long time. As shown in Fig. 5 , the five comprehensive energy bases will produce 2.66 billion tons of standard coal in 2015, which constitutes 70% of the total yield; this primary energy will be exported to other areas as 1.37 billion tons of standard coal, which constitutes 90% of the total yield of regional transportation energy (Jie et al., 2015) . Chinese-proven coal resources include 12% lignite, 10% anthracite, and 78% soft coal. Of these energy sources, 50% of soft coal is low-rank coal, 5% is high-rank coal, and 23% is mid-rank coal. Fig. 10 shows the 14 large-scale coal bases in China. In accordance with the 12th Five-year Energy Development Plan, China intends to accelerate the construction of coal bases in the northern area of Shaanxi Province, Huanglong, Shendong, eastern area of Inner Mongolia, eastern area of Ningxia Province, and Xinjiang Province (Note 7) . The plan aims to optimize the exploitation of coal resources in the northern-middle-eastern area of Shanxi Province, Henan Province, cities around the Huaihe River, Yunnan, and Guizhou Province. At the end of the 12th Five-year Plan, 10 Chinese companies will own more than 100 million tons of coal resources and another 10 companies will be processing more than 5 billion tons of coal resources. The coal produced by these companies will constitute 60% of the total coal production in China (Dzonzi-Undi & .
As shown in Fig. 11 , the present 13 large hydropower bases in China have been formed (Zhao et al., 2012; Ming et al., 2013 ) (Note 8). During the 13th Five-Year Plan, the installed hydropower capacity of China is expected to concentrate on hydropower bases, such as the Jinshajiang River, Lancang River, and Nujiang River, where the development level is relatively low at present. The development level of these hydropower bases is expected to soar to 54.8%, 76.6%, and 33.6%, respectively. The total development level of hydropower bases is about 70.3%. The focus of hydropower construction will gradually shift to Tibet and Xinjiang. Tibet will be the latest hydropower base in the 14th and 15th Five-Year Plan. Overall, the large hydropower bases in China will be constructed during the 12th and 13th Five-Year Plans. By 2020, the installed hydropower capacity in Tibet will reach 2 million kW and its development level will increase to 1.5% (Ming et al., 2013; . According to China's wind resource distribution, the layout of the wind power bases in Hami in Xinjiang and Jiuquan in Gansu is based on the program "Building a large base, connect into the big power grid;" given China's focus on the development of nine 10 million kW class wind power base (Fig. 12) and nine large wind farms, the country's installed capacity is expected to reach more than 79 GW in late 2015, which will account for more than 75% of China's total wind power (Hosenuzzaman et al., 2015; Ming et al., 2013; (Wu & Sun, 2015) (Note 9). 
Analysis of Weakness Factors
CO2 Emissions
The EDGAR of the European Commission and The Netherlands Environmental Assessment Agency announced the level of CO2 emissions of major countries in the world in 2014 (Macdougall & Friedlingstein, 2015) (Note 10, 11). Fig. 15 shows the energy-related CO2 emissions of selected regions. China's energy-related CO2 emissions are increasing and among the highest worldwide. The energy-related CO2 emissions of China, the United States, the European Union, India, Russia, and Japan reach more 80% of the world total. To improve the living environment and promote sustainable economic development, all countries, especially China, should implement energy reforms. Thus, in the 13th Five-Year Plan (2016-2020), China will intensify comprehensive energy reform, drive energy revolution positively, and develop energy through green, safe, and sustainable means (Hossain et al., 2015) . (Petroleum, 2015) (Note 1). China's remaining recoverable coal reserve is inferior to that of the United States and Russia, which rank third in the world. However, the country's reserve production ratio of 30 years is lower than that of Russia, the United States, Australia, and India. From 2011 onwards, China's coal imports have exceeded Japan. Thus, China is the world's largest coal importer. Table 11 (In 2014, five largest producer of coal in the world) shows that the difference between consumption and production is very high (Note 10, 11). According to China's Statistical Yearbook from 2002 to 2014, Chinese coal production increased to more than 200 million tons per year in 13 years because of market pulling. These figures are shown in Fig. 16 . The growth of coal production decreased since 2012. Chinese coal production in 2013 was 3.71 billion tons, which increased to about 60 million tons. In 2014, the production was 3.87 billion tons, which increased to 160 million tons (Macdougall & Friedlingstein, 2015; Hossain et al., 2015) . Renewable energy, such as hydropower, wind energy, solar, and biomass energy, developed rapidly in China and occupied an increasingly large share in the energy market. Renewable energy decreased the ratio of coal in energy consumption. The excess capacity and shock of import also decreased the benefit of the coal industry.
As shown in Fig. 17 , system theory is used to analyze China's coal industry based on resource exploitation, production, transportation, deep processing, marketing, inventory, and consumption (Liu & Luan, 2015; Hu & Zhang, 2015) .
Based on the summary analysis of system theory, the imbalance between supply and demand in the Chinese coal market will continue under the new normal. The economy of coal supply exceeds the demand. Thus, control measures should be placed in the whole industry chain, particularly by improving the level of production technology, actively promoting coal deep processing, converting excess coal production capacity, improving inventory digestion backlog, and expanding the coal derivatives market (Hong et al., 2015; Chong et al., 2015) . Fig. 19 . In 2014, this volume accounted for 46% of China's total crude oil import. This situation is bad for China's energy security; however, China cannot find a better way to solve this problem at present (Petroleum, 2015; Qian & Xin, 2015) . Figure 19 . Middle East crude oil import Natural gas sources Given China's situation, the development of the natural gas industry in the country must take advantage of domestic and foreign resources. China's natural gas has been obtained from single domestic production and from the supply of foreign multi-channels, that is, through natural gas pipeline transportation and the sea transport of liquefied natural gas into China Wang et al., 2015) . However, according to BP Statistical Review of World Energy 2015, China's natural gas sources has decreased year-by-year. This result is shown in Table 12 , which provides China's natural gas self-sufficiency rate. This situation is dangerous for China's energy security (Petroleum, 2015; Szoplik, 2015) . China's natural gas sources (Self-sufficiency rate=(Total production/Consumption)×100, %) Domestic natural gas China's natural gas production continues to maintain an upward trend. Conventional gas data resources from China's total oil field output, shale gas, and coal bed methane are provided by the Ministry of Land and Resources. Domestic natural gas from 2008 to 2014 is shown in the Table 13 , which shows that domestic natural gas production increased year-by-year. Natural gas is better than coal and oil; however, the efficiency and environmental protection of coal and oil is worse than that of new energy (Szoplik, 2015; Tang et al., 2015; Leopold, 2016) . 
Structure of electric power production
The statistical data of China's Statistical Yearbook in 2015, which was obtained from the China National Bureau, show that China's power supply mainly comes from thermal power generation, which accounts for 75% to 80% of the country's energy supply. As shown in Table 14 , coal power is the dominant power source. From 2013 onwards, wind power capacity outweighed that of nuclear power generation (Note 12). Subsidies to new energy companies are increasingly becoming serious. By the end of 2014, the renewable energy fund subsidies to enterprises reached 17,000,000,000 yuan including arrears. In the first half of 2015, the estimated total arrears reached 20,000,000,000 yuan.
If these two problems will not be solved, China will be facing financing problems. Technological progress will lose its power and will affect the industrial development (Chang et al., 2017; Fan et al., 2015; Pei et al., 2015) .
According to Qin Haiyan, Secretary General of the China Wind Energy Association, wind power curtailment in the first quarter of 2015 reached half of that in 2012, which witnessed the most serious wind power curtailment in China. The high proportion of wind power curtailment also appeared in local areas. The information construction of photovoltaic power generation in the first half of 2015, which was released by National Energy Bureau, announced the national PV power curtailment data. Data show that the national total PV power generation capacity in the first six months of 2015 is 19 TWh; PV power curtailment is 1.8 TWh, which mainly occurred in Gansu and accounts for 28% and that in Xinjiang accounts for 19% (Note 14). Wind power curtailment from 2010 to 2014 are shown in Fig. 19 . Wind power curtailment in main provinces in 2014 is shown in Table 15 (Chang et al., 2017; Fan et al., 2015) . As the country's major new energy province, Gansu's new energy generation capacity during the first half of this year was more than 10 TWh. This figure accounts for 16% of the province's power generation, which is higher than the national average. Prediction of installed wind power grid capacity of more than 13,000,000 kilowatts and installed photoelectric grid capacity of 6,000,000 kilowatts will be presented by the end of this year (Note 14).
However, Meng Kai, the director of Energy Bureau of Gansu Province admitted that: "The rapid development of new energy is subjected to market constraints, absorptive capacity, peaking capacity, and channel transmission capability. The new energy industry in Gansu showed a more serious phenomenon of wind power and PV power curtailment." This year, the wind power curtailment situation in Gansu province become a serious issue. Data for the first half year show that the average utilization hours of wind power in the province is the lowest in the country. This figure further decreased to 185 hours. The rate of wind power curtailment is 30.98%, which is second only to Jilin province. However, thermal power enterprises in this case obtain priority access to the grid, which should belong to renewable energy power through "direct supply"; this misuse of the power to channel resources results in further losses of wind power companies (Note 14).
The factors that exacerbated wind power and PV power curtailment are: 1. The mismatch between the new energy installed capacity and the grid. 2. The lack of peaking capacity of thermal power units and the lack of system planning, operation, and management of power source (Fan et al., 2015; (Note 15).
Wind power and PV power curtailment increased in half of 2015. This increase is attributed to stronger wind, decreased demand for electricity, and the mismatch between new installed energy capacity and the grid. In addition, the scale of thermal power project construction remained at a high level even when China's economic development slowed down.
Statistics show that the newly approved thermal power projects reached more than 58000 MW in the first five months of this year. These thermal power projects all over the country have reached 0.19 TW, which is a shocking figure. The contradiction between thermal power and new energy will become more acute in the next few years (Note 15, 16).
Analysis of Opportunity Factors
Urbanization
Urbanization refers to the process of urban agglomeration of population, urban scale expansion, and a series of economic and social changes. Thus, urbanization is the change of spatial, economic, and social structure. Urban energy consumption accounts for about 80% of total energy consumption, especially natural gas consumption (Note 17, 18). Asia and slightly higher than the global average of water (Tessler et al., 2015; Akal, 2015) . If the level of urbanization in China is low, energy cannot be fully utilized, which is unfavorable to the development of the energy industry. 
GDP
Each year, four statistical agencies, namely, the IMF, the WB, the UN, and the United States Central Intelligence Agency release an annual report of the world's GDP evaluated with international exchange rate and purchasing power (Note 19, 20, 21) .
Due to space constraints, Table 17 only provides the 2014 data from the IMF and WB (Warner, 2015) . China's GDP already exceeded Germany. In 2010, China's GDP surpassed Japan; in 2014, China's GDP was twice that of Japan's (Holz, 2013) . At present, China's GDP only ranks second in the world, next to the United States. Goldman Sachs estimates that China's GDP will exceed that of the United States in 2025-2030 (Lemoine et al., 2015) . The National Economic and Social Development Statistics Bulletin (2014), which was issued by the China Bureau of Statistics, provides China's energy consumption and GDP conditions. These data are shown in Fig. 21 . Since 2012, China's GDP growth remained at around 7.5%. Thus, China's economic growth is going into the new normal. Under the new normal economic condition, transportation production, sales, import, and export of China's energy industry are changing (Holz, 2013 ). China's energy industry market is not booming, but the economy will bring new changes and new opportunities to China's energy industry. The elasticity coefficient of energy consumption decreases annually, which shows the improvement of energy use efficiency and the constant improvement of the energy structure (Lemoine et al., 2015; . Figure 21 . Conditions of China's energy consumption and GDP
International Trade
According to the World Trade Organization (WTO) and the CIA World Factbook of the Central Intelligence Agency, China's international trade has a good ranking worldwide, wherein energy trade accounts for a large proportion, as shown in Table 18 (Note 22). For example, China's manufacturing industry for new energy wind power generation occupies a certain proportion worldwide. According to the statistics provided by the consulting firm Navigating in 2014, three Chinese wind turbine manufacturers are among the top 10 global manufacturers in terms of global sales. These companies are Goldwind, United Power, and Mingyang Wind Power, which account for 20.6% share of the total global market. The top 10 newly installed wind turbine OEMs in 2014 and their market share changes are shown in Figs. 22 and 23 (Chang et al., 2017; Fan et al., 2015) . China's wind power equipment manufacturing industry overcome its dependence on imports and foreign wind power equipment. The market share of domestic wind turbines is now more than 90%. Therefore, China has become a veritable wind power equipment manufacturing country Jin et al., 2014) .
Given the steady growth of China's international trade, the country's energy industry enjoys a healthy and sustainable development. China's primary energy circulation is mainly centered on the transportation system and the oil and gas pipeline, including main transportation systems, namely, waterway, highway, and railway (Jiang et al., 2015; .
Waterway transportation
Waterway length is the length of a navigable river, canal, and inland waterways. Waterways are important for the transportation of energy resource. According to the CIA World Factbook, China's shipping routes ranks first worldwide, which stretches to 110000 km. As shown in Table 19 , China's waterway data barely change with time (Note 23). Construction of LNG (liquefied natural gas) transport ship LNG is a natural gas that was liquefied under certain temperature and pressure. LNG is an economical way to store and transport natural gas, which is suitable for long-distance transportation.
China's first LNG transport ship, Dapeng Hao, was built in 2008. As shown in Fig. 24 , Dapeng Hao, which is the world's largest thin film type LNG ship, measures 292 meters in length, 43.35 meters wide, 26.25 meters deep, and has a loading capacity of 147000 cubic meters (Energy. (2015). On August 5, 2015, China's first 30000 cubic meters LNG ship, Ocean Petroleum 301, which was anchored in Zhuhai, was officially handed over and put into operation by Jiangnan Shipyard Group for the CNOOC. Ocean Petroleum 301 is 184.7 meters in long and 28.1 meters wide, with a full load displacement of about 27750 tons; this ship was built in warehouses of four independent C-type liquid cargo tank, which loads 30000 cubic meters of LNG (Note 24, 25). Energy efficiency and low carbon emission is the development trend of the global shipping industry. Sulfur oxides and other emissions is increasingly being controlled. With the use of LNG as ship fuel, several LNG ships will sail the high seas in the next 5 to 10 years. At present, Europe, the United States, Japan, South Korea, and
China are actively developing LNG as ship fuel. LNG ship is a special ship with a temperature of -163 °C; thus, LNG ship is a kind of "super frozen car at sea" (Goel et al., 2015) .
The alternative role of LNG in the traditional energy market is increasingly becoming evident. China is the world's marine fuel market. China's Ministry of Transportation studies the framework of green transportation system to promote the sustainable development of transportation. Realizing green shipping is one of the goals of China's green traffic system. To realize green shipping, the alternative fuels in China's shipping industry should include liquefied power ship, alcohol/ether power ship, and fuel cell power ship; LNG power ship develops fastest among these alternative fuels (Abrahams et al., 2015) (Note 26).
According to the Association of the National Shipbuilding Industry in China in May 2015, LNG and its transport vessels originated in Europe and the United States. The production of small LNG transport ships started in the 1970s, and then developed into the production of standard LNG transport ship. The production was later transferred to East Asian countries. The construction of LNG transport ships picked up speed in 2012 with 361 newly constructed LNG ships; this number increased to 415 in 2015, which is equivalent to an increase of 15% (Note 27). China demonstrated a rapid development in the LNG shipbuilding industry. As shown in Table 20 , only 7 ships are currently in service in China, but 14 ships are still being built; thus, China ranks third in the world, next to South Korea, which has 64 and Japan, which has 15.
The delivery service of the first three LNG carrier construction companies are located in South Korea. The companies that handle delivery services are Samsung, Daewoo, and Hyundai, which are followed by three Japanese companies, namely, Mitsubishi Nagasaki, Kawasaki Sakaide, and Mitsui, Chiba. LNG carrier construction is a rising industry in China, which ranks ninth; China's Hudong Zhonghua ranks third, next to Daewoo and Samsung, as shown in Table 21 (Abrahams et al., 2015) (Note 27).
According to the Energy Development Strategy Plan 2014-2020 of the State Council, the proportion of natural gas in China's total energy consumption will reach 10% by 2020, compared with the current 5% substantial increase. The development of China's own LNG fleet can ensure a stable supply of LNG to grasp the initiative, in case the original LNG supply is insufficient; thus, China can quickly deploy its own LNG ship to carry out transport and avoid gas shortage and other unfortunate events (Note 28). Central Asia-China gas pipeline
The Central Asia-China gas pipeline, which is also called the Turkmenistan-China gas pipeline, is united by PetroChina, Turkmengaz, KazMunayGas, and Uzbekneftegaz (Paltsev & Zhang, 2015) (Note 29). The Central Asia-China gas pipeline includes four lines, namely, A, B, C, and D, as shown in Fig. 25 . The starting point is in Turkmenistan. The gas pipeline then arrives in the China Horgos border after Uzbekistan and Kazakhstan or in the China Wuqia border after Uzbekistan, Tajikistan, and Kyrgyzstan. By 2016, the highest annual natural gas output of 85 Gm3 will be fled into the silk road, as shown in Table 22 . From Turkmenistan to Shanghai, the line is 6000 kilometers long. This is the world's longest pipeline. Natural gas imported from Central Asia through the pipeline reaches China's natural gas transmission projects from West to East, as shown in Fig. 26 . This pipeline now covers 25 provinces, municipalities, autonomous regions, and the Hong Kong Special Administrative Region. This pipeline benefits more than 500 million people. According to China Petroleum statistics, in November 13, 2014, the Central Asia-China gas pipeline operated safely for 1796 days and delivered a total gas output of 100 Gm3. According to estimates, 100 Gm3 of natural gas is equivalent to 133 million tons of coal, which can reduce 142 million tons CO2 and 2.2 million tons SO2 emissions Javaid & Rashid, 2015) (Note 30). Figure 26 . Central Asia-China gas pipeline and project of natural gas transmission from West to East Natural gas vehicle Natural gas vehicle is the power provided by using natural gas as fuel. The methane content of natural gas is more than 90%. Thus, natural gas is a good car engine fuel. Natural gas vehicles have been promoted and applied worldwide, including various provinces and cities in China. Natural gas vehicles are clean fuel vehicles. Natural gas emissions are lower than those from gasoline-fueled vehicles. The tail gas of these vehicles does not contain sulfur and lead. Carbon monoxide is also reduced by 80% and hydrocarbons are reduced by 60%. Thus, many countries have developed air vehicles as an important means of reducing air pollution (Sanchespereira et al., 2015) .
According to the February 2015 statistics of the Natural Gas Car Magazine, the most natural gas vehicles are in Iran, followed by China ranks. These data are shown in Table 23 . Length of oil and gas pipeline According to the 2013 CIA World Factbook (Fan et al., 2015) , the United States oil and gas pipeline is the most, which accounts for 62.5% of the world. China's oil and gas pipeline ranks fourth in the world, and accounts for only 2.5% of the world's total, as shown in Table 24 .
According to China Statistical Yearbook (Note 12), which is published by the China National Bureau of Statistics, the length of China's pipeline in 2014 is 106300 kilometers. The growth of China's oil and gas pipeline is shown in Fig. 27 . The State Grid has introduced the strategic target for developing smart grid in accordance with the characteristics of energy resource and economic situation in China (Ming et al., 2015) . In the 12th Five-Year Plan, the State Grid will focus on the construction of main power network that connects wind power bases, hydropower bases, nuclear power bases, photovoltaic power bases, and main load centers. This construction optimizes power structure and power plant layouts. Thus, this approach optimizes resource allocation on a larger scale, establishes an adjustable electricity trading platform, reduces the waste of hydropower and wind power, and reduces the consumption of fossil energy power. After three stages of innovative development, the State Grid announced that a strong smart grid that consumes extra-high voltage synchronous power network will be constructed in 2020. The smart grid can optimize resource allocation on a larger scale with higher efficiency, which is more secure, more reliable, and has more interactivity . The smart grid has important significance on recovering cost and encouraging new energy investment to realize clean power transmission. The smart grid construction plan of China during the 12th Five-Year Plan is shown in Fig. 28 (Ming et al., 2013) . The State Grid Corporation of Xinjiang will be combined with the energy resources and power supply demand. The State Grid will rely on long-distance, large capacity, low UHV loss technology to create the OBAOR economic belt transmission corridor, achieve interoperability among surrounding countries, and turn Xinjiang's geographical advantages into economic advantages.
In the 13th Five-Year Plan, the State Grid Corporation and the Autonomous Region Party Committee, through joint efforts from the government, will accelerate the construction of UHV power grid. The transmission line of two back lines ±1100 kV DC from Zhundong to Chengdu and Zhengzhou to Southern Anhui, North Hami to Chongqing ±800 kV DC started in 2015, as shown in Fig. 30 . These high-voltage and auxiliary power grid engineering will promote the sustainable development of Xinjiang electric power (Note 31, 32). According to the Strategic Action Plan for Energy Development (2014 Development ( -2020 , which was recently issued by the Office of the State Council, and based on the news released by the government network on November 19, 2014, the total amount of controlled energy consumption by 2020 will be 4800000000 tons of standard coal and 4200000000 tons of controlled coal consumption. Non-fossil energy accounted for 15% of energy consumption; the proportion of natural gas reached 10% and that of coal consumption reached less than 62% (Note 32, 33).
The targets listed in the Plan also include a relatively perfect energy security system by 2020. Primary energy production reached 42 tons of standard coal, energy self-sufficiency maintained at around 85%, oil reserve production percentage of 14%-15%, and a basically complete energy reserve for emergency systems. A unified, open, competitive, and orderly modern energy market should be established (Note 33, 34).
The seven important measures employed by the National Energy Bureau in 2015 are aimed at promoting energy production and consumption revolution, promoting energy transformation, and upgrading and building a safe, stable, diversified, clean, and modern energy system (Note 34).
Analysis of Threat Factors
Population Quantity
According to the estimate of the U.S. Central Intelligence Agency (Note 11), the world's total population reached 72.44 millions in July 2014. Table 25 lists the top 20 most populated countries; China remains the most populated country with a population of 13.56 million, which accounts for 18.7% of the world population (Note 35). Population intelligence is the focus of energy research because population growth has a direct impact on the size and composition of energy demand; population growth also has indirect effects on economic growth and development; thus, the number of population and economic situation has a great impact on energy utilization (Ramphul et al., 2015; Begum et al., 2015) . The huge population of China will inevitably affect the sustainable development of the energy industry. Table 26 , China's GDP per capita is below the world average, which ranks 80th worldwide. However, considerable progress has been observed from previous years. As shown in Table 26 , China has been ranked in the 92nd and 94th spots, in 2014 in the 79th and 84th by the IMF and WB, respectively (Herranz-Loncán & Peres-Cajías, 2016; Bergeaud et al., 2015) . 
Human development index
The human development index is a measure of the level of economic and social development of the UNDP, which began in 1990 (Note 36). The human development index measures the average achievement of a country in three basic aspects of human development:
These findings provide valuable references to help China's energy industry improve its future competitiveness. These findings will also assist in the assessment of the sustainable development of the energy industry. These factors continually change in a dynamic social and market environment. Therefore, exploring these dynamics will be an ongoing study.
